Abstract: An attempt was made to examine the long-term impact of the introduction of communal piped water supply on pattern of water use and transmission of schistosomiasis haematobia in an endemic area of Kenya. In the study area, Mtsangatamu, a control program based on repeated selective mass-chemotherapy had been carried out for 6 years from 1987 to 1993. The pre-treatment overall prevalence and intensity of infection in 1987 were 59.2% and 10.9 eggs/10 ml of urine . During the control program, the prevalence was kept at a low range of 20 to 40% (Muhoho et al., 1994) . At the end of the program, in 1994, gravity-fed water supply was provided to the village. Although the water facilities were damaged by flooding in 1998, new and further expanded gravity-fed water supply facilities consisting of 7 standpipes were introduced in 2000. The follow-up survey done in 1999 revealed reduced prevalence and intensity of infection, i.e. 23.0% and 1.2 eggs/ 10 ml of urine (unpublished data). The present study was carried out in 2006, 6 years after the last mass-chemotherapy. Urine examination showed that the prevalence and intensity of infection had return to 52.2% and 7.4 eggs/10 ml, nearly the same level as the pre-treatment level. The results of our study demonstrated that, over the long-term, the gravity-fed water supply facilities had little impact on the overall prevalence and intensity of infection in this village. However, analysis of the spatial pattern of infection, observation of human water contact at the river and a questionnaire on water use shed light on the possible impact of water supply on human water contact. The younger people (5-19 years old) with easy access to the standpipes showed a lower prevalence and intensity of infection, while the relationship was not clear in other age groups.
INTRODUCTION
Schistosomiasis remains one of the greatest health burdens of the world [1, 2] . A recent study suggested that 8-60 million DALYs are lost to schistosomiasis worldwide [3] . The burden is concentrated in sub-Saharan Africa, where 112 million people are estimated to be infected and more than 400 million people at risk [4] .
Chemotherapy is at the center of global strategies to control schistosomiasis and reduce both of morbidity and mortality [5] . Repeated chemotherapy can prevent severe pathology over the long term [6] but will not eliminate infection [7] .
Since the prevention of schistosomiasis infection is achieved by reducing contact with schistosoma-infested water, the establishment of safe water supply is an essential prerequisite for schistosomiasis control in endemic areas [8] . Thus, the East African National Programmes for the control of schistosomiasis and also soil-transmitted helminths strongly recommended efforts to increase the usage of safe water. [9] . There are several studies examined the effect of safe water supply on patterns of water contact and the transmission of schistosomiasis. Reports published to date deal with the short-term effect of water supply on water use pattern and transmission of schistosomiasis or the role of water supply in the control program based on the combination of mass chemotherapy and water supply [10] [11] [12] [13] [14] . The influence of a safe water supply on the various types of water contact activity depends on the sociodemographic features of the population or factors related to the quantity and quality of newly introduced sources [14] [15] [16] [17] . In published reports, therefore, varying degrees of impact are observed [10, 15, [18] [19] [20] .
Since 1981, our institutions have collaborated on a number of studies regarding schistosomiasis haematobia in Kwale, Coast Province, Kenya, under the sponsorship of Japan International Cooperation Agency (JICA) and Kenya Medical Research Institute (KEMRI). One of the research projects was the control project of schistosomiasis haematobia in Mtsangatamu village. The project was supported by JICA for 10 years from 1985 to 1995. The infected villagers were treated with praziquantel every year from 1987 to 1993. In 1994, at the end of the project, a gravity-fed communal tap, laundry and bathing unit, and swimming pool were introduced at the center of the village. The water supply was expected to reduce human exposure to infection and maintain the transmission at a low level. Although the communal tap and the swimming pool were damaged by unexpected heavy rains in 1998, a new gravity-fed water supply consisting of 7 communal standpipes was introduced by Plan International, a global NGO, in 2000.
The present study attempted to examine the long-term impact of the introduction of the gravity-fed water supply on pattern of water use and the prevalence and intensity of infection of schistosomiasis in Mtsangatamu. To evaluate the impact of the communal piped water, the results of urine examination were compared with those of examinations conducted in 1987 and 1999. The present study will demonstrated the long-term effect of a new water source on patterns of human water contact and transmission of schistosomiasis, that is, the extent to which the low prevalence or intensity of infection rendered by repeated selective masschemotherapy was maintained in this village. Noda et al. [19] examined the utilization of piped water supply and river water at Mwachinga village, a village close to our study area, where the control program of schistosomiasis was carried out based on a combination of chemotherapy and safe water supply. They reported that consumption of safe water per person correlated negatively with the distance to community standpipes, and that the frequency of water contact per person showed a significantly greater decrease in households with a high consumption of piped water than in those with low consumption of piped water. These findings indicated the importance of the spatial factor in assessing the impact of safe water supply on schistosome infection. Therefore we examined the spatial pattern of infection and water use of villagers in the present study.
MATERIALS AND METHODS

Study area and population
The study was conducted in Mtsangatamu village, Kwale District in Coast Province, Kenya in 2006. Mtsangatamu is approximately 10 km southwest of Kwale town and 20 km 2 in area. It has a tropical climate with two rainy seasons a year (April-June and November). Four rivers originating from ridges in the neighboring Shimba Hills National Forest Reserve flow through the village. According to our census of 1994, the total population was 2,329 (1,031 in male and 1,298 in female). There were 199 households.
In the study village, treatment by praziquantel was repeated every year from 1987 to 1993 for villagers showing evidence of hematuria or eggs. In 1994, when the control program came to the end, one communal standpipe, a laundry and bathing unit, and a swimming pool were established at the edge of the village. The piped water was supplied by gravity from the spring source in the adjacent hills.
Although the standpipe and swimming pool were damaged by heavy rains in 1998, the global NGO, Plan International, provided the village with new gravity-fed water facilities consisting 7 standpipes. The standpipes were built at about 700 m intervals along the road. Besides the communal piped water, there were 4 households that enjoyed a safe water supply, i.e. privately piped water or tanks fed by rain.
In Mtsangatamu, prior to the introduction of selective mass-chemotherapy in 1987, the prevalence and intensity of infection were very high at 59.2% and 10.9 eggs/10 ml of urine [21] . During the 6 years periods when selective masschemotherapy was repeated, the overall prevalence was maintained at a relatively low level ranging from 20 to 40% [22] . A follow-up survey conducted in 1999 showed that the prevalence and intensity of infection in this village remained low, i.e. 23.0% and 1.2 eggs/10ml of urine (unpublished data) . No selective mass chemotherapy was provided after the villagers were treated in 1999.
Urine examination
Urine specimens collected from villagers were examined using the modified filtration method of Peters et al. [23] in January 2006. Intensity of infection was expressed as the number of eggs/10 ml of urine. The geometric mean was obtained using the n + 1 transformation for a series of egg output including zero. The subjects were asked to provided information on name, age and sex, and the household to which each subject belonged was identified in the register book revised by the 1994 census. The villagers who showed evidence of eggs or hematuria were treated with praziquantel. Haematuria was detected using reagent strips.
Utilization of the piped water and river water
A questionnaire and direct observation were implemented to document the main source of water used by the villagers for personal and domestic purposes. The observation of water use was conducted in February 2006. 1) Design and application of the questionnaire A simple water use questionnaire was designed by our team, and interviews were conducted by trained local workers. The subjects were arbitrarily selected among adults (age!20) who took the urine examination or who attended local meetings. The questionnaire was divided into a demographic section including household residence and a section concerning main source of water for personal and domestic purposes. 2) Human water contact at rivers Human water contact at rivers was measured at 4 busy sites (Figure 1 : R1-R4) by the direct observation method of Noda et al. [19] . Each site was attended by one local worker who observed and recorded the water contact behavior of the villagers from 6:00 a.m. to 6:30 p.m. in one day. The information collected was name, sex, age, household, type of activity and duration of water contact. The level of water contact for one individual during a single exposure was expressed as duration of contact (minutes) multiplied by exposed body area (whole body = 1), estimated by the rule of nines.
3) Utilization of gravity-fed piped water A local worker observed and recorded the name, sex, age, household, type of activity of villagers who used the piped water facilities as well as the amount of water consumed by the villagers at 5 water facilities. Observation was carried out at each site in one day from 6:00 a.m. to 6:30 p.m. 2 of the 7 standpipes, S-6 and S-7, provided only intermittent water supply during our survey. Observation was not conducted.
Geospatial processing
A village worker familiar with the residents in the area visited each household of the participants in the study and recorded the location with a handheld global positioning system receiver (Geko 201, Garmin) in February 2006. The location of 4 households reported by the participants in the study was not identified and so they were excluded from the spatial analysis. The location of 4 water contact sites at rivers and 7 standpipes in the village was also recorded. The shortest distance from each household to a standpipe and to a river site was calculated with the coordinates in the Universal Transverse Mercator projection. 
Statistical analysis
Associations of binary (positive or negative) and continuous (egg count) results of urinary test and possible risk factors were examined by logistic regression and negative binomial regression analyses, respectively. In these analyses, independent variables were chosen from sex, age, distance to the nearest standpipe, and distance to the nearest river site so that the multivariate models have the lowest Akaike's Information Criteria (AIC). Associations among categorical variables were made by the chi square test or Fischer's exact test as appropriate. The Wilcoxon rank-sum test was employed for the comparison of intensity of infection, distances, the amount of water contact and piped water consumption. Logistic regression was conducted to examine the relationship between the use of piped water and distance to the standpipe. These analyses were conducted using JMP 6 (SAS Institute) and R 2.8.1 (The R Foundation for Statistical Computing).
Ethical consideration
The ethical issues were considered and approved by Kenya-Japan Communicable Diseases Control Project of JICA and KEMRI.
RESULTS
Prevalence and intensity of infection in the study area
Urine specimens of 1,111 villagers were examined. Overall prevalence was 52.2%; 54.3% in males and 50.4% in females. Intensity of infection in the community was 7.4 eggs/10 ml of urine, of 8.7 eggs/10 ml of urine for males and 6.5 eggs/10 ml of urine for females (Table 1) .
The peak prevalence and intensity of infection occurred in children between 10 and 14 years of age, with a low prevalence and intensity of infection in the older age groups (Figure 2 )
The prevalence and intensity of infection were much higher than those observed in the previous urine test in 1999 (23.0% and 1.2 eggs/10ml of urine), and were at nearly the same level as the pre-treatment level in 1987 (59.2% and 10.9 eggs/10ml of urine).
When the results of urine examination for eggs were analyzed according to distance to the nearest standpipe, individuals aged 5-19 years old who lived within 250 m to the nearest standpipe showed the lower prevalence and intensity of infection (Figure 3) . The relationship between the distance to the standpipe and the prevalence and intensity of infection was not clear in younger (0-4 years old) and older (!20 years old) age groups of subjects, whose prevalence and intensity of infection were lower. In subsequent multivariate analyses, the statistical significance of the effects of age and distance to the nearest standpipe remained after being adjusted for the other variables (Table 2) .
Water sources and utilization
The villagers obtained their water from the standpipes and river for personal and domestic purposes. Geometric nean of the number of eggs per 10 ml Figure 2 . Prevalence and intensity of infection of schistosomiasis haematobia in Mtsangatamu in relation to age.
source of water, 32 reported river water alone as the source, and 162 reported that they used both piped and river water. There was no significant difference in water source by the demographic variable, except the number of members in a household. The households consisting of less than 7 family members were more likely to use piped water.
Another factor enhancing the use of communal tap water is presented in Figure 4 , which shows the distribution of individuals who reported the exclusive or mixed usage of piped water and/or river water by the distance from their household to the nearest standpipe. Interestingly, most of the villagers who used piped water as the main source of water were those who lived within 800 m of the nearest standpipe, although some of the villagers living beyond 800 m also used piped water exclusively. Villagers who used river water exclusively lived beyond 800 m. The proportion of piped water user (exclusive and mixed) was 98.1% among those living within 800 m of the standpipes and 57.9% among those living beyond that distance.
Water contact of residents at the river A total of 110 residents (63 were female) were observed to be in contact with water at the river. The adult population (considered 20 years of age and older) accounted for 47.2% of all persons observed. The major water contact activities were bathing, collecting water, crossing and washing clothes. Table 4 presents the frequency of water contact activities by the distance to the nearest standpipe. In total, residents who lived near standpipes (!250 m) and those who lived far (> 250 m) from standpipes exhibited 55 and 142 activities, respectively. Out of 1,111 participants in the urine examination, 283 lived within 250 m of the nearest However, the frequency of the five categories of activity was significantly different between the two groups (χ 2 = 12.48, df=4, p=0.014). It is noteworthy that 15 out of 16 persons who played at the river lived beyond 250 m from the nearest standpipe (Table 4) .
The amount of water contact was larger among residents who lived far from standpipes, especially in individuals 5-19 years of age (Table 5 ; p=0.057). It was attributable to the fact that playing was the largest water contact activity.
Usage of piped water
A total of 281 residents, of which 215 (76.5%) were female, were observed at standpipes. The adult population accounted for 41.6% of all persons observed. Table 6 presents the frequency of activities of residents at standpipes by the distance to the nearest standpipe. In total, residents who lived near standpipes (!250 m) and those who lived far (>250 m) from standpipes exhibited 241 and 285 activities, respectively. Again, we calculated the expected ratio of activity at standpipe between residents who lived close to and far from a standpipe. The expected value, 134.0:392.0, was significantly different from the observed value (χ 2 =67.9, df=1, p<0.001), that is, the residents who lived near standpipes used piped water more frequently. The frequency of the 3 categories of activity did not significantly differ between the two groups (χ 2 =2.55, df=2, p= 0.28). Collection of water was the most frequently observed activity in both groups.
The average amount of water consumed by the villagers was 10.8 litters for bathing, 44.7 litters for washing and 12.6 litters for drawing water. Table 7 shows the amount of water consumed by the residents by age and distance from The amount of water contact is expressed as the duration of contact(min)multiplied by the proportion of exposed body area (whole body=1); geometric mean and range are given. their household to the nearest standpipe. The adults used a larger amount of water than children. There was no difference in the amount of water consumed by residents living close to and far from the standpipes. Table 8 shows the villagers' comments on the piped water supply. A majority of the piped water users replied favorably. They were generally satisfied with the easy access to standpipes, the cleanliness of the water and the reasonable charge, although a few users complained of the charge for water and the distance of facilities from their households. One of the problems they encountered was the frequent interruption of the water supply due to the shortage of water in the tank. The people who did not use the pipe water complained of the long distance between the facilities and their households but did not complain of the charge for water. 
DISCUSSION
The present study aimed to examine the extent to which the low prevalence of schistosomiasis haematobia rendered by the repeated chemotherapy over a 6-year period was maintained by the safe water supply provided at the end of the mass-chemotherapy control program at Mtsangatamu village, Kwale, Kenya. To evaluate the impact of the safe water supply, it was necessary to assess the changes in S. haematobium infection in this village.
In our study area, Mtsangatamu, the overall prevalence was maintained at relatively low level of 20 to 40% during the period of repeated chemotherapy from 1987 to 1993 [22] , and the results of a follow-up survey done in 1999 showed a prevalence as low as 23% (unpublished data). The present study was carried out in 2006, 6 years after the final mass chemotherapy given to the villagers and the establishment of an extended water supply.
The overall prevalence and intensity of infection observed in this village in 2006 were much higher than those in 1999 and had in fact returned to nearly the same level as the pre-treatment level in 1987. The results of our study demonstrated, with regard to the long term effect, that supplying safe water via gravity-fed communal standpipes had little impact on S. haematobium transmission in the study area as a whole. The study area is 20 km 2 and has more than 2,000 residents. The 7 standpipes might not be enough to provide a volume of safe water sufficient to maintain the low level of water contact at the river and, consequently, to maintain the prevalence at low levels. The frequent interruption of the safe water supply may be another factor behind the negligible impact.
However, the spatial analysis of infection indicated that prevalence and intensity of infection were low among individuals 5-19 years of age who were susceptible to schistosome infection and lived within 250 m of the nearest standpipe. This result suggests that the supply of piped water exerted partially beneficial effect reducing of the risk of infection among young people. The fact that the prevalence and intensity of infection was significantly associated with the distance between household and standpipe was established by the multivariate analysis. The prevalence and intensity of infection were relatively low among adults who lived far from the standpipes and those who lived the near standpipes, suggesting that the beneficial effect of piped water, if any, was significant for young individuals alone who are sensitive to infection and had heavy contact with river water.
It is of interest in this connection to note that safe water supply can change villagers' behavior in terms of water use. In the village of Kwale, Mwachinga, Noda et al. [19] reported that a significant decrease in human water contact at the river was seen only when people used more than 1,000 liters of piped water per person per year. More interestingly, people who lived more than 800m from standpipes were unlikely to reduce river water contact (Shimada, personal communication) .
In the present study, although the subjects of the questionnaire were limited to adults, the people who lived close to standpipes were likely to use them. A majority of users of the piped water were satisfied with the communal piped water facilities, reporting the easy access to standpipes, cleanliness of water and reasonable charge for water as advantage. A few users of the piped water complained of the long distance of the facilities from their households and the expensive charge for water. People who did not use the piped water complained of the distance between the household and the standpipe, but they did not complain of the charge for the water. The limited number of water facilities for a dispersed population was the basic problem limiting widespread use of the piped water. Figure 5 presents the logistic regression curves predicting the proportion of exclusive and partial piped water users by the distance to the nearest standpipe. The proportion of residents who use piped water at least partially (p) fitted well to logistic regression: log{p/(1-p)} = 5.066 -3.709 X (X: distance in kilometer, r 2 =0.337, p<0.001). According to this model, more than 98% of the residents who lived within 250m of a standpipe used the standpipe. The fact that people who lived close to the standpipes frequently used piped water was also confirmed by direct observation.
In the present study, we did not obtain evidence to Figure 5 . Logistic regression curves that predict proportions of exclusive and partial pipe-water users by the distance to the nearest standpipe show that the people who used piped water reduced their contact with river water, A finding that may be due to the small sample size subjected to direct observation. It appeared that the frequency of the visits to river water sites did not differ greatly between residents who lived near to and far from standpipes. However, it is noteworthy that, although the number of observations was small, water contact in the form of playing (including swimming) which accounts for the highest risk of infection, was observed exclusively among children who lived far (>250m) from standpipes. It is interesting to note that the prevalence and intensity of infection in this village maintained low over a period of 6 years (1993 to 1999) after the selective mass-treatment was interrupted. Although the facilities were damaged by flooding in 1998, the initial water facilities consisted of one standpipe, a laundry and bathing unit, and a swimming pool at the center of the village. The water facilities provided in 2000 consisted of 7 standpipes in the village but lacked the other water-related facilities, suggesting that the swimming pool, laundry and bathing unit played an important role in the reduction of river-water contact among villagers between 1993 and 1999.
In conclusion, the present study showed that the overall effect of gravity-fed safe water supply on schistosomiasis infection, if any, was limited to young people who lived close to the standpipes. There are several reports that dealt with the success of water supply in the control of schistosomiasis [10, 15, 24] . In our study area, a water supply sufficient to meet domestic requirements is necessary to maintain the prevalence of S. haematobium infection at low levels, including the construction of more community standpipes located at least 250m from all households, the provision of laundry and shower units, restoration of the swimming pool, systematic health education, and, most importantly, the resumption of mass chemotherapy among villagers.
